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Methodalogy for Determination of & Radiological Inventory for Pit 9
and Corresponding Results

J. J. King
7-24-31

The determination of the radiological inventory for Pit § must
incorporate data from the Radicactive Waste-Management Information System
(RWMIS) for onsite shipments, shipping records, and annual radionuclide masses
shinped from Rocky Flats tc the INEL during 1868. The Rocky Flats
radionuclide information is in a letter from Lee to Soule' and displays the
following radionuclides and guantities for 1968:

Radionuclide Quantity

© y-238 33,373 Xg
U-235 1210 g
Pu-238 4.18 g
Pu-239 43,543.44 ¢
Pu-240 2720.83 ¢
Pu-241 210.11 ¢
Pu-242 7.44 g
Am-241 1778 ¢

A review of Rocky Flats shipment records for 1968 by Rhodes® has
revealed that 345,377 ft3 of waste were sent to the INEL from Rocky Fiats.

Starting with Cctober 10, 1968 shipments, various radionuctides guantities

were listed with the individual shipments. Using this information, Rhodes has
determined that only 203 g of Pu-239 were included in 67,352 ft3 of waste sent
to Pit 10 during the latter part of 1968. (No other listed radionuclides were
tabulated by Rhodes.) This leaves 43,340.44 g of Pu-239 available tec the
remaining 278,025 £t3 of waste shipped from Rocky Flats to the INEL during
1968. Rhodes has also determined that 120,103 £t® (34.8%) of Reocky Flats
waste was placed in Pit 9 during 1968. If we allow the remaining Pu-239 to be

ited uniformly throughout the waste volume not associated with Pyu-239
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ified in Pit 10, we can use the foilowing relationship:




(120,103/278,025) * {43,543.44 - 203)/43,543.44 * 43,543.44 g = 18,722 g of
Pu-239.

[f we assume this is appiicable to the whoie Pu family (Pu-32 using
Rocky Flats nomenclature), which is reasonable for Rocky Flats waste, then the

foilowing relationship can be applied to ail of the Pu isotopes:

0.431988 * (.995238 * Mass of the ith Pu isotope = ith Pu Mass in Pit §

or
0.42997 * Mass of the ith Pu isotope = ith Pu Mass in Pit 9

This computation is alsc valid if we require that the remaining Pu nct
identi{fied in Pit 10 is uniformly mixed throughout the remaining wasts volume.
Using the above relationship, the following masses are generated for the Pu

isotaopes.

Pu Isotope Quantitv(qg)

238 1.80
239 18,722
240 1,170
241 90.34
242 3.20

These revised values estimate the quantities of Pu isotopes in Pit &. .

The quantities of U-235 and U-238 are determined from the Rocky Fiats
masses noted above and from entries found in the waste received from onsita
generators. The calcultation of Rocky Flats contributions for U-235 and U-238
proceeds by multiplying the above masses for 1968 (1210 g and 33,373 kg) by
the fraction of waste volume going to Pit 9 in 1968 (34.8%). This results in
419 g of U-235 and 11,500 kg of U-238. Based upon the presence of U-235, and
the known mass abundance of U-234 (0.0055%) and U-235 (0.72%), an aaditonal
3.2 g of U-234 can be conservatively estimated to be in Pit 9.

WMIS tallies are displayed in Garcia and Knight® showing 182 kg of U-
235 and 514 g of U-238 associated with onsite generators. However, the first
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value is actually 182 kg of natural uranium and was an entry error in RWMIS.
This can be broken down tc include 0.005%% U-234, 0.72% U-235, and $%.274%% U-
down of the 182 kg of natural uranium

LR 4 H L oA

-238, 1310 g of U-235, and 10.0 g of U-234. The ad
noted above yields 181 kg of U-238 when rcunded off to

The total mass for each uranium isotope expected in Pit 9 is below.

U Isotope Mass(g)

234 13.2
235 1730
238 1.18E+7
The expected Am-241 in Pit 9 is alsc estimated by multiplying the
fraction of w ) times the amount of Am-241 shipped

te going into Pit 9 (34.8%
s

as
from Rocky Flats (1778 g). This produces 619 g of Am-241.

Several other cateagories of rzdionuclides are found in Pit ¢. Refesrencs
3 Tists 0.301 Ci of Co-80, 0.012 Ci of MAP (Mixed Activation Products), 4.463
Ci of MFP (Mixed Fission Products), and 0.083 Ci of unidentified beta-gamma
emitters. These categories were specifically denoted on shipping records and
were entered into the RWMIS with these designations. These items are ail
generated by onsite generalors
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4, which showed Co-80 and (Cs-137 comprised approximateiy 83% of the

radioactivity in a series of ash containers tha: were gamma scanned. The
5.271-year half-life and the 2504 keV mean gamma-ray energy per decay’ imply
that the extarnal gamma-ray exposurs due to Pit 9 MAP today and in the near

future will be dominated by Co-80.

The test reactors at the INEL have been predominantiy lightwater thermal
reactors that have utilized enriched U-235 fuel. The determination of type
and guantity of fission products in Mixed Fission Products {(MFP) is dependent
upon the instantaneous and cumulative fission yiald {assumed to be for thermal
neutrons striking U-235), the fission product half-Tife and the irradizticn
history. The half-lives of the precursors far 2 given fission product will
also affect the buildup of that fission product, particulariy if the

irradiation history is perijodicaliy up and down.

A compromise of the-above criteria can be determined by considering
radioactive fission products that have half-lives greater than 2 years,
oduc

'8 a mean gamma-ray energy per decay that is notable (> 500 keV)} and have

a significant cumulative fissicn yield. <{s-137 has a cumulative fission yield
of 6.1862%°, its daughter {Ba-137m) is in equilibrium with the parent in less

than 1 hour with a mean gamma-ray energy of 595 keV per decay, the pracursors

-

nave half-lives of minutes or shorter7, and Cs-137 has a half-1ife of 30.17
years. Ba-137m has & 2.5513 minute half-1ife before attaining a stable ground

stata ®

Gross measurements of gamma-ray radiaticn fields with short-lived

fission products present (< 30 days) will gverestimate the amount of Cs-

137(Ba-137m) if the source is assumed to be solely Cs-137(Ba-137m). This
ensures that Cs-137(Ba-137m) assignment will generaily be conservative for the

ecific activities that may produca the radiation field at

R ] S =3

the time of measurement. The assignment of Cs-137(Ba-137m) may not
predominate over longer-lived fission products for time intervals beyond three

D
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or four Cs-137 half-lives This will de pan the specifics of the
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irradiation histories for a given MFP waste for a chosen generator.
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The pravious paragraph has concentrated on a predominant beta-emitfing
fission product that is associated with a gamma-ray emmission via a shortlived
(Half-1ife = 2.5513 minutes) daughter (Ba-137m). Another significant pure
beta emitter is Sr-90 with a 28.6-year half-life and a cumulative fission
yield §.7664% (see Reference 8). It also has shortlived precursors that
readily reach equilibrium. It has a daughter (Y-90) that possesses a 64.1
hour half-1ife before reaching a stable ground state. VY-30 is essentially a
beta emitter.’ The relatively low maximum permissible lung and bone burdens
for Sr-90 in the human body makes it an important radionuciide when
considering human health risk.'® ‘

The eguations that describe the growth and decay of Sr-9¢ and Cs-137
during and following irradiation will lead to similar amounts of radioactivity
for both isotopes due to the comparable half-lives and the shortlived
precursors. The ratio of the cumuiative fission yields for S$r-90 and Cs-137
is 0.932 and this will determine, to a first order, the expected radicactivity
for one if the other is known. If we conservatively assume that 4.463 Ci of
MEP noted above are from gamma-ray radiation fislds associated with Cs-137(Ba-
137m), then the amount of S$r-90 present is just 0.932 times 4.483 Ci, or 4.180
Ci.

The 0.083 (i of unidentified beta-gamma emitters is most Tikely based
upon smears of lose contamination of radionuclides of unknown origin. Because
this number is small (and hence a negligible contribution to overail risk) for
the Pit 9 inventory and because the identification of the responsible nuclides
is highly uncertain, the unidentified beta-gamma emitters wiil not be
considered as part of the working Pit 9 radionuclide inventory.

Table 1 summarizes the individual radionuclides that have been
identified. The radiocactivity values in Curies are shown along with the
masses in grams. The relationship used for converting radicactivity in Curies

to mass in grams or vice versa is given by:
Mass (grams) = 2.798£-06 * Activity (Ci) * Half-life (y) * Mass Number

As noted in Table 1, the haif-Tives are taken from Reference 8.



Table 1. 1968 Pit 9 Radiological Inventery

[sotope Activity (Ci) Mass {g) Half-Lifz (y)®
U-234 8.23E-02 1.32E+01 2.450€+05
U-235 3.78E-03 1.73E+03 7.038E+08
U-238 3.97E+00 ‘ 1.18E+07 4.488E+09
Pu-238 3.08E+01 © 1.80E+00 8.774E+01
Pu-23¢9 1.16£+03 1.87E+04 2.412E+04
Pu-240 2.83:+02 1.17E+03 §.570E+03
Pu-241 9.34£+03 9.03E+01 1.435E+C1
Pu-247 leEE-OZ 3.20£+00 3.763£+05
Am-241 2.12E+03 6.19£+02 4.322E+02
Co-80 3.01E-01 2.66c-04 5.271E+C0
Co-60(MAP) 1.20£-02 1.06E-05 5.271E+00
Cs-137(MFP) 4.45E+00 5.16£-02 3.017E+01
Sr-90(MFP) 4.16£+00 3.00E-02 2.868+C1
a. The nalf-lives are taken from 4. K. Tuli, "Nuclear Wallet Carcs®, ¥atiomal Nuclear Data Canter,

grockhaven National Laboratory, January 1985,



Table 2. Pit 9 Radiclogical Inventery in 1891 and 1962

[sctope 1991 Radio- 1991 1982 Radio- 1992
activity {Ci) Mass (g) activity (Ci) Mass (g}
U-234 §.23E-02 1.32E+01 8.23E-02 1.32E+01
U-235 3.75E-03 1.73£403 3.75&-03 1.73E+03
U-238 3.57E+00 1.18£+07 3.97E+00 1.18€+07
Th-234 3.97E+Q0 1.72€-04 3.97E+00 1.72£-04
Pu-238 2.57E+01 1.50E+00 2.55E+01 1.49E+QC
Pu-23% 1.18E+03 1.87E+04 1.16E+03 1.87E+04
Pu-24C 2.65c+02 1.17E+03 2.65E+02 1.17E+03
Pu-241 3.078-03 2.97E+01 2.93£+03 2.84E+01
Pu-242 1.26E-02 3.20E+00 1.26£-02 3.20E+00
Am-241 | 2.26€+03 6.59E+02 2.26E+03 6.59E+02
Co-80 1.46E-02 1.29€-05 1.28E-02 1.13E-05
Co-50(MAP) 5.83E-04 5.16E-07 5.11E-04 4,52E-07
Cs-137(MFP) 2.63£+00 3.04E-02 2.57E+00 2.97E-02
Ba~137m(MFF) 2.49E+00 4.63E-09 2.43E+00 4.528-05
Sr-S0(MFP) 1 2.38E+0Q0 1.71£-02 2.33E+00 1.68E-02
Y-90(MFP) 2.38E+00 4.38E-06 2.33E+00 4.29E-06
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Table 2 displays the expected radioactivity in Curies and mass in grams
for 1991 and 1992. The decay corrections were conducted using RAODECAY 2.05"
and/or PDACT 1.1, Both programs employ the Bateman equations but RADDECAY
is lTimited in that it cannot simultaneously incorporate a nonzero daughtef
activity and it also has fixad half-lives and branching ratios. PCACT aliows
the user to specify the decay parameters of choics and aiiows a nonzsro
daughter activity. It is limited to parent-daughter decay and does not
proceed further down a decay chain.

Table 2 includes 3 daughters that are not shown in Table 1. These are
Th-234 (daughter of U-238), Ba-137m, and Y-%0 with half-lives of §.588E-2 v,
4.852E-8 y and 7.310E-3 y, respectively (see Reference 8). The caiculations
have been limited to the significant daughters of specific radionucizi. No
quantities of granddaughter radionuciei are included.

The inventories in Tables 1 and 2 represent estimates of radionuciides
that have been derived from Rocky Flats data, shipping records and RWMIS data.
The Rocky Flats values are Timited in that we are unabie to substantiate fhe
uncertainty associated with the 1968 quantities of each radioisotope stated by
Lee (see Reference 1). The fact that we have assumed complete mixing of these
radioisotopes for selected volumes of 1968 Rocky Flats waste delivered to the
INEL may be in error, but it represents a reasonable option without any other
information. The onsite MAP and MFP wastes are represented Co-60, and Cs-137
and Sr-90 with their daughters, respectively. These choices are agpropriate
for transient and shorter irradiation times (times smaller than the haif-
lives). The predominant radionuclides after 1C0 or more years may change for
the MFP’s, but this is dependent an the irradiation history for a specific
waste generator source. Thé contributon to risk after 100 years from MAP and
MFP in Pit 9 is quite smail relative to the expected risk arising from the
uranium and transurznic waste.
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